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分别对三丁基锡（tributyltin, TBT)和多氯联苯（polychlorinated biphenyls, PCBs）急性暴
露后鱼脑组织差异表达基因进行了筛选分析。采用的 TBT 浓度为 500μg/Kg， PCBs 浓
度为 3mg/Kg，通过腹腔注射对鱼体进行急性暴露，于暴露后 3 天取脑组织，分别利用
抑制性差减杂交（suppression PCR subtractive hybridization, SSH）、基于引物退火控制技
术的差异显示 RT-PCR （ Anneal Control Primer-based differential display Reverse 
Transcription-PCR,ACP-ddRT-PCR）以及双向电泳技术（Two-demensional electrophoresis, 
2-DE）从转录组及表达组的水平筛选了毒物诱导的差异表达基因，并通过实时荧光定
量 PCR（Real-time fluorescent quantitative PCR）进行了验证，对三种技术在环境毒理学
研究中的应用进行了比较。同时我们对其中分离出的一个新基因——NSP17 进行了全长
cDNA 的克隆，进行了组织器官定位分析，结合斑马鱼模型对该新基因进行了发育过程
中的时间定位分析，并利用 Morpholino oligo 反义技术及 RNAi 技术分析了其可能的功
能。本文主要的研究结果如下： 
1、利用 2-DE 分离了 TBT、PCBs 急性暴露组及相应溶剂对照组的鱼脑全蛋白组，
应用 ImageMasterZD Platinum 软件分析比较电泳图谱寻找差异蛋白点，共选择了 TBT
诱导的 33 个差异点和 PCBs 诱导的 70 个差异点，进行了质谱分析（MALDI-TOF），获
得了部分可信度较高的数据；对其中的 FUBP1 设计简并引物，克隆了褐菖鮋相应基因
的部分 cDNA 片段。  




取阳性克隆进行测序，分别获得 TBT 诱导的 11 个上调和 12 个下调 EST 片断，经 Blast
同源搜索分析，发现其中有 12 个 EST 与已知基因高度同源，功能涵盖细胞能量代谢、
蛋白表达及定位、细胞的有丝分裂和增殖等几个方面，另外有 3 个与未知功能基因同源















经 Blast 同源搜索分析，发现其中有 32 个 EST 与已知基因高度同源，其同源蛋白功能
涵盖 LTP 及神经递质释放、神经内分泌、细胞分裂与增殖、细胞能量及常规代谢等重
要功能活动，同时发现 9 个与未知功能 mRNA 同源的 EST，另外还有 38 个 EST 无明
显序列同源性。 
3、利用 ACP-dT18 为逆转录引物，分别以 TBT 或 PCBs 暴露实验组及相应的溶剂
对照组鱼脑总 RNA 为模板，合成用于差异显示的 cDNA 第一链，之后利用 20 条 ACP
随机引物分别与 ACP-dT15 引物配对进行 cDNA 第二链合成及差异显示 PCR 分析，经过
琼脂糖电泳分离克隆差异片段，经测序及 BlastN 分析，分别获得 TBT 诱导的 7 个上调
和 11 个下调 EST 片段，有 5 个与已知功能的基因同源，分别是 GRB2 相关结合蛋白 2
（growth factor receptor bound protein 2-associated binding protein 2，GAB2）、接头相关
蛋白复合体 2 的 α1 亚基（Adaptor-related protein complex 2 α 1 subunit, AP-2 α1）、鸟苷
酸交换因子 p532（Guanine nucleotide exchange factor p532，GEF p532）、细胞色素 c 氧
化酶亚基 II（cytochrome c oxidase subunit II, COX II）和核糖体蛋白 S8（Ri bosomal protein 
S8, RpS8），此外结果中还含有 4 个与未知功能 mRNA 同源的 EST，另外还有 9 个 EST
无明显序列同源性；PCBs 诱导的 4 个上调和 6 个下调 EST 片段，其中有 4 个与已知功
能的基因同源，分别对应的是 RpS8、COX II、AP-2 α1 以及 WW 结合域蛋白 2（WW 
binding protein 2, WBP2），此外结果中还含有 1 个与未知功能 mRNA 同源的 EST，另外
还有 5 个 EST 无明显序列同源性。 




5、利用 SMART-RACE 技术克隆了 ACP-ddRT-PCR 筛选出的在 TBT 和 PCBs 暴露
后转录水平都上调的一个未知的新基因 NSP17 的全长 cDNA，进行了初步的生物信息
学分析，预测了可能的编码区及表达产物，利用 southern blot 分析了新基因在基因组的
分布情况；构建了该基因的原核表达载体，并以原核表达产物制备了抗血清。 


































In this study, marine fish Sebastiscus marmoratus was adopted as experimental animal. 3 
experimental approaches: 2-dimension electrophoresis system (2-DE), subtracted suppressive 
hybridization (SSH), and annealing control primer-based differential display reverse 
transcription PCR (ACP-ddRT-PCR) methodology, were employed to investigate 
differentially expressed genes in the brain of S. marmoratus in response to acute exposure of 
2 kinds of typical organic contaminants in marine environments, tributyltin (TBT) and 
polychlorinated biphenyls (PCBs) respectively. S. marmoratus, dosed via intraperitoneal 
injection with TBT (500 μg/kg body weight) and PCBs (3 mg/kg body weight) respectively, 
were randomly sampled after injection for 3 days. To validate differentially regulated genes 
discovered using 3 experimental approaches, real time quantitative PCR was performed. Here 
we compared the sets of differentially regulated genes discovered using these 3 experimental 
approaches. Moreover, a novel gene, namely NSP17, has been identified, which full length 
cDNA has been cloned by RACE. In order to address the function of NSP17，western blot 
and real time quantitative PCR were used to detected the spatial temporal expression model 
of NSP17. By microinjecting morpholino and shRNA in vivo, we studied the impact of 
NSP17 knockdown on danio rerio embryonic development. The results are as follows: 
1. 2-DE was used to analysis the differentially expressed proteins in brain from 
TBT/PCBs exposed group and dissolvent-control group. Compared with dissolvent -control 
group, 33 differential expressed spot have been identified in TBT exposed group using 
ImageMasterZD Platinum software, while 70 differential expressed spot have been found in 
PCBs exposed group. These protein spots were analyzed by MALDI-TOF mass spectrometry 
to obtain the peptime mass fingerprinting (PMF). Based on the information of PMF, some 
proteins were identified by searching database on-line. One of protein spots was identified as 
the FUBP 1 (Far upstream element binding protein 1), and its homologous partial cDNA in S. 















2. Forward and reverse subtractive cDNA libraries were constructed using the suppression 
subtractive hybridization (SSH) method, which was performed using the cDNA from 
TBT/PCBs exposed group as the tester and the cDNA from dissolvent-control group as the 
driver, the dissolvent-control group as the tester and TBT/PCBs exposed group as the driver, 
respectively. We employed a “mirror orientation selection (MOS)” procedure to substantially 
decrease the number of background clone. Some candidate clones from each SSH libraries 
were picked for sequencing and homology searching. The results showed that 23 unique 
ESTs were obtained from TBT-SSH cDNA libraries, including 11 up-regulated and 12 
down-regulated fragments, of which 12 could be identified by homology with known proteins, 
3 which were homologous to function-unknown cDNA/mRNA sequences, and 8 unidentified 
transcripts, showing no significant homologies with any known sequences in the GenBank. 
The functions with which they are associated include energy-related metabolism, polypeptide 
translation and location, mitosis and cell proliferation; 79 unique ESTs from PCBs-SSH 
cDNA libraries were identified, including 30 up-regulated and 49 down-regulated fragments, 
of which 32 could be identified by homology with known proteins, 9 which were 
homologous to function-unknown cDNA/mRNA sequences, and 38 unidentified transcripts. 
The functions with which they are associated include long-term potentiation (LTP) and 
neurotransmitter release, neuroendocrine, mitosis and cell proliferation, energy-related 
metabolism, general metabolism, signal proteins, hemopoiesis system, immune system, and 
structure. 
3. We used the ACP-ddRT-PCR method to identify differentially expressed genes that 
may be molecular targets for TBT/PCBs exposure. Using 20 arbitrary ACP primers, we 
identified and sequenced 18 differentially expressed ESTs responding to TBT, including 7 
up-regulated and 11 down-regulated fragments, of which 5 could be identified with 
homologous database sequences, namely growth factor receptor bound protein 2-associated 
binding protein 2 (GAB2), Adaptor-related protein complex 2 α 1 subunit (AP-2 α1), Guanine 
nucleotide exchange factor p532 (GEF p532), cytochrome c oxidase subunit II (COX II), 















and 9 unidentified transcripts; while 10 differentially expressed ESTs in response to PCBs 
had been identified, including 4 up-regulated and 6 down-regulated fragments, of which 5 
could be identified with homologous database sequences, namely RpS8, COX II, AP-2 α1 
and WW binding protein 2 (WBP2), 1 identified but function-unknown cDNA/mRNA 
sequences, and 5 unidentified transcripts.  
4. We performed real time quantitative PCR to validate 3 experimental approaches 
prescreening. Here we used several measurements, such as total information, individual 
information, to compare these 3 experimental approaches. The present study provides a basis 
for establishing an adequate tool applying to ecotoxicogenomics studies using non-model 
animal; 
5. A novel gene NSP17 was cloned by 5’ RACE，which was screened by ACP-ddRT-PCR 
from cDNA pools in brains of TBT- and PCBs-exposed group simultaneously. Its possible 
open reading frame was gained by bioinformatics analysis; Southern blot was employed to 
analyze the copy number in genome of S. marmoratus. We constructed the expression vector 
of NSP17 and expressed Protein in E.coli. The protein was purified with electroelution. The 
purified allophycocyanin was injected into mouse to prepare its antiserum.  
6. To address the possible function of NSP17, we detected the spatial temporal expression 
model of NSP17 using western blot and real time quantitative PCR, while loss-of-function 
analysis was performed with microinjecting morpholino and shRNA in vivo, using Danio 
rerio as model.  
 
Keyword：Tributyltin, polychlorinated biphenyls, Sebastiscus marmoratus, 2-dimension 
electrophoresis, subtracted suppressive hybridization, annealing control primer-based 
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1.1.1 TBT 污染现状及神经毒性的研究进展 






目前有机锡化合物已被联合国环境署列为持久性有毒物质 (Persistent toxic substances, 
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禁用含有 TBT 等有机锡类化合物。尽管如此，由于 TBT 的化学稳定性，它仍可以在环
境中长期残留[11]，而且 TBT 具有在生物体内的高富集性[12,13,14]，在各种水生动物，陆
生动物组织中均发现了 TBT 及其衍生物[10,15]。研究显示在人类的日常食品中，如奶、
肉和蛋制品中均能检测到 TBT[16,17,18]，在许多志愿者的血样标本中也检测出了 TBT 的










1、对感觉器官的影响：Dong 等(2006) [31]的研究发现，TBT 能够诱导发育期斑马
鱼（Danio Rerio）视网膜神经元的凋亡。阿那尼等（1996）[32]通过对 TBT 暴露后鲤鱼
（Cyprinus carpio）的味蕾组织的病理学观察，发现味蕾中的味觉细胞对 TBT 为敏感，
其损伤程度随 TBT 浓度增高而增加，直至坏死。而 Wang 等（1999）[33]通过对花身鸡






Triebskorn 等(1994) [38,39] 报道了 TBT 可以诱发虹鳟鱼的中脑视盖部和视神经的结构损
伤，出现空泡化现象，中脑视盖中暗细胞数目增加，有髓鞘和无髓鞘纤维区域坏死。体
内体外实验都发现低浓度的 TBT 暴露后神经系统发生了细胞凋亡，进一步研究发现细
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